Calculations show that indirect transitions can explain the forward cross section observed in some experiments, in particular 60 Ni( 18 0, 16 0).
In this case an indirect .transition through the collective 2+state of 18 0 enhances the cross section at forward angles relative to that at the grazing angle. Normal optical potentials which fit elastic and inelastic data are used in the analysis. An earlier analysis in terms of a surface transparent potential is shown to depend sensitively on a scaling factor that was introduced to simulate recoil effects. However wh~n recoil is properly taken into account it is found that the surface transparent potential does not reproduce the data.
-2-At moderate energies above the Coulomb barrier, quasi-elastic heavy ion reactions are expected to exhibit a "grazing" peak in the differential cross section, arising from the facts that: 1) in the combined nuclear and Coulomb fields, there is a maximum scattering angle called the grazingor rainbow angle for non-penetrating orbits, 2) penetrating orbits some of which scatter forward and some backward of this grazing angle contribute little to the cross section because they have little phase space (the deflection function is steep) and besides they suffer strong absorption and 3) distant orbits which scat.ter forward of the grazing angle contribute little cross section because the interaction decreases rapidly with distance. 
~ith M and M + X being the masses of the target and residual heavy nuclei, X being the mass of the transferred nucleon (s). While the factor· a.
is less than unity, it is sometimes varied by a few percent in an attempt to simulate recoil effects. 6 The Brookhaven group used a value of 1. 05. Fig. 1 shows the effect on the differential cross section of three choices for a., in each case employing the Brookhaven surface transparent potential. It can be seen that, for this kind of potential, the cross-section 'near the grazing angle depends very sensitively on the scaling factor.
Therefore we need to con~ult a full recoil calculation~ Delic 7 has calculatedfor us the cross section including recoil using the Brookhaven potential. His results coincide in shape so closely with the curve labeled a. = 1.02 that they cannot be easily distinguished on the graph.
We conclude therefore that with the proper inclusion of recoil effects, the surface transparent potential of Ref. 4 does not produce a sufficiently la:rge forward cross section, compared to that at the graz·ing angle. the effect on the ground state cross section of: 1) shifting the grazing peak forward by a few degrees and 2) producing a forward angle yield that is ten times larger than calculated from the direct process alone. The analogous process in the entrance channel of the reaction (1) above can explain the observed forward distribution when all relevant cross sections are determined to the extent possible by the available experiments.
The relevant experimental data needed to determine the important indirect processes and to assess their effect on the ground state cross section of the reactions (1) iii) The elastic and inelastic cross sections for producing 18 0(2+)
by scattering from nickel determines the optical model parameters and the deformation parameter S which characterizes the strength of the inelastic transition. 
- [6] [7] [8] [9] [10] [11] It is recognized that this need not be the case.
The value of ¢ prescribed by a strict interpretation of the vibrational model (Eq. 4) is ¢ = 90° , which corresponds co a purely imaginary nuclear form factor reproduces the data best of those shown, and is used in the subsequent calculations of transfer reactions. Actually it is probably relevant to observe that rather than rotating the nuclear form factor by the difference 90° -33° = 51' , a rotation of the Coulomb form factor by this amount produces the same result since the relative phase is the same in either case. Such a complex Coulomb form factor can arise because of virtual Coulomb excitations, just as the imaginary· part of the nuclear optical potential arises, in part, from virtual inelastic excitations.
While this would be an interestingpoint to pursue, ,for our purposes here it is sufficient to regard the above phase as a convenient means, together with the deformation constant 8, and the optical potential, of parameterizing the inelastic amplitude which enters as an intermediate step in the calculation of the reaction (1). .we stress that the optical potential of Table I which fits the data as shown in Fig. 2 is of a normal strong absorbing type, unlike the Brookhaven surface transparent potential.
In Fig. 3 our complete calculation is shown for.the inverse reaCtion to (1) which includes the direct transition to the ground state of both final nuclei and the coherent indirect transition corresponding to particle transfer to the 2+ state of 18 0 followed by inelastic deexcitation to the ground state. We neglect the explicit calculation of recoil effects but employ the scaling factor a= 1.02 which as far as the 'direct .however, neither the experimental data for the 2+ nor any higher state is available for the reaction inverse to (1), we leave this matter as it stands.
In conclusion, we have exhibited a physical process that is capable of accounting for the large forward cross section in the Brookhaven Table I . . 
---------L E G A L N O T I C E -----------.

